In previous paper, an vivo assay showed that phytoncide can be a feasible alternative drug to Sirolimus for an advanced drugeluting stent . Kawakami et al. (2004) researched that PTC reduced the cardiovascular response to restraint stress in shape. Li, Zhao, Lei, Hossain, Kang, et al. (2015) , found that phytoncide could be considered as an alternative to replace tylosin to improve growth performance and decrease excreta gas emission in broiler chickens without any adverse effect on meat quality. In addition, the PTC could improve growth performance without any adverse effects on meat quality in finishing pigs (Li, Zhao, Lei, Hossain, Kang, et al., 2015; . In addition, PTC could be used as a good antibiotics alternative in weaning pigs because that it can elevate feed efficiency, nutrient digestibility and improve the faecal Lactobacillus counts in weaning pigs (Zhang, Jung, Kim, Kim, & Kim, 2012) .
Based on previous studies, we can make a hypothesis that phytoncide may improve growth performance of growing pigs. However, little has been known on the effect of including Korean pine extract, phytoncide, in growing pigs. Therefore, the aim of this paper was to evaluate the effect of phytoncide instead of zinc oxide on growth performance, nutrient digestibility, blood Profiles, and faecal microflora in growing pigs.
| MATERIAL S AND ME THODS
The experimental protocols describing the management and care of animals were reviewed and approved by the Animal Care and Use Committee of Dankook University (Cheonan, South Korea).
Phytoncide (PHYLUS Company, Gapyeong, Gyeonggi, Korea), which include 20% active substances (terpene, essential oils, flavonoid, phenolic compounds, alkaloid, tannin and saponin) and 80% carrier (dextrin), used in this study was extracted from Korean pine.
| Animals and diets
A total of 120 growing pigs [(Landrace × Yorkshire) × Duroc] with an average initial body weight (BW) of 24.48 ± 1.62 kg were randomly assigned by BW and sex according to a randomized complete block design in a 6-week feeding trial. Pigs were randomly allotted to four experiment treatments as follows: CON (base diet), ZO (CON + 0.03% Zinc Oxide), PTC1 (CON + 0.5% PTC), PTC2
(CON + 1.0% PTC). Each treatment had six replicates per treatment with five pigs (three gilts and two barrows) per replicate. All diets were provided in mash form and formulated to meet or exceed the NRC (2012) recommendations for all nutrients (Table 1 ). All animals were housed in an environmentally controlled nursery facility with settled plastic flooring and mechanical ventilation system. The target room temperature and humidity were maintained at 24°C and 60%, respectively. Each pen was equipped with a self-feeder and nipple water. All the pigs had free access to their corresponding diets during the experimental period.
| Sampling and measurement
Body weight was measured individually at the beginning, middle (3th week), and the end (6th week) of the experimental period. Feed consumption was recorded on a pen basis during the experiment to calculate the average daily gain (ADG), average daily feed intake (ADFI), and gain/feed ratio (G/F).
Chromium oxide (Cr 2 O 3 ) was added to the diet at 0.2% of the diet as an indigestible marker for 7 days prior to faecal collection on week 6 to calculate apparent total tract digestibility (ATTD) of dry matter (DM), nitrogen (N). Faecal grab samples were collected randomly from at least two pigs in each pen (one gilt and one barrow), and all fresh faecal samples were pooled by pen and mixed, and immediately stored at −20°C until analysis. Before chemical analysis, the feed and fresh faecal samples were thawed and dried for 72 hr at 60°C in a forced-air (Williams, David, & Iismaa, 1962) .
For calculating the ATTD of the nutrients, we used the following formula: 
| Statistical methods
The data were analysed using the GLM procedure of SAS (SAS Institute, Inc., Cary, NC, USA) as a randomized complete block design. Pen served as the experimental unit. Linear and quadratic polynomial contrasts were used to examine the effect of dietary treatment (dietary supplement with 0%, 0.5% and 1% of phytoncide in the basal diet). Differences of zinc oxide between basal dietary were determined using Duncan's multiple range test. Variability in the data was expressed as the standard error of means (SEM), and p < 0.05 was considered to be statistically significant.
| RE SULTS

| Growth performance
The effect of phytoncide on ADG, ADFI and G/F of the growing pigs are shown in Table 2 . During week 1-3, 3-6 and overall phase, compared with the basal diet without phytoncide, the ADG of ZO treatment was significantly improved (p < 0.01). Meanwhile, no apparent difference was observed in ADG, ADFI and G/F between phytoncide treatments and ZO treatment at different experiment phase. However, there was no linear difference in ADG among phytoncide treatments.
TA B L E 2 Effect of dietary phytoncide supplementation on growth performance in growing pigs
| Digestibility of nutrition
The digestibility of DM and N are shown in Table 3 . The growing pigs fed zinc oxide diet and phytoncide (1.0%) diet had significantly increased the digestibility of DM than those fed basic diet without phytoncide (p = 0.027), and the digestibility of DM was linearly increased with increasing levels of phytoncide (p = 0.013). However, compared with ZO treatment, the phytoncide treatments had no significant change that was observed in digestibility of N.
| Blood profile
The effect of blood profile was shown in Table 4 . No significant influence was observed on AST and ALT in the serum of growing pigs at 3th and 6th weeks.
| Faecal microbial
The faecal microbial of growing pigs was shown in Table 5 . However, the counts of Lactobacillus and E. coli were not apparently influenced by the faecal among treatments.
| D ISCUSS I ON
In previous studies, some papers already proved that zinc oxide was wildly used in the diet for improving the growth performance of pigs.
For example, Case and Carlson (2002) found that adding 3,000 ppm Other studies showed that ADFI was decreased linearly with the increased level of phytoncide in finishing pigs trial (Li, Zhao, Lei, Hossain, Kang, et al., 2015; .
Different the part of plant, harvesting season, application methods, geographical origin, phytogenic production process, the age of livestock, environment condition, and many other factors can all contribute to inconsistent results (Patterson & Burkholder, 2003) . Indeed, taking all previous studies and our present study into consideration, further studies are necessary to evaluate the various effects of phytogenic products and to clarify their specific modes of action in pigs.
Phytogenic feed additives might improve the digestion and absorption of dietary nutrients. The ADG was improved probably due to the fact that the ATTD of dry matter was increased in sow pigs experiment supplement of 0.04% dietary phytogenic feed additive (Wang et al., 2008) . Our research noted that growing pigs fed 1.0%
PTC had significantly improved ATTD of DM, but no influence on digestibility of N. Zhang et al. (2012) research agreed that the ATTD of dry matter was increased by dietary supplement of PTC in weaning pigs. One explanation is that it may have been caused by flavonoid-rich substances which positively affected intestinal villi height. Sehm, Lindermayer, Dummer, Treutter, and Pfaffl (2007) opined that animals treated with essential oil responded with a higher villus length in the duodenum. Nevertheless, it can't explain why only significantly influence the digestibility of dry matter rather than nitrogen. We are inclined to another explanation from Jobgen, Susan, Wenjiang, Cynthia, and Guo (2006) that were signal transduction mechanisms, including nitric oxide signalling. Physiological levels of NO stimulate glucose uptake as well as glucose and fatty acid oxidation; and enhance lipolysis in adipocytes. After biodegradable PTC in animal digestive system, a substance maybe regulates the metabolism of glucose and fatty acid by signal transduction mechanisms except nitrogen. We hypothesized that like these signal transduction mechanisms benefit the digestibility of dry matter. Further, we will verify the mechanism that caused this result.
According to previous studies, another reason why the PTC can promote growth performance is about essential oils. Williams and Riccardo (2010) and Yan et al. (2010) degree with traditional uses of the plants estimated as prophylaxis against various diseases and promote of health. Other papers observed about blood profile that red blood cell and white blood cell were increased significantly with phytogenic feed additive treatment (Wang et al., 2008) . Phytoncide had also been shown to reduce stress responses by lowering stress-related hormones (Kawakami et al., 2004) . Collectively, these findings indicate that phytoncide as phytogenic feed additive can increase blood circulation, metabolic processes, and the immune system of pigs (Li, Zhao, Lei, Hossain, Kang, et al., 2015; .
When phytoncide was used for faecal microflora, some authors reported advantages of phytoncide supplementation. Zhang et al. (2012) said that adding 0.2% PTC to basal diet showed a greater amount of faecal lactobacillus compared with the basal group in weaning pigs. Li et al. (2012) give the scientific explanation of the different results achieved by using phytoncide as growth promoters in pigs feed, most of the authors concluded that the efficacy of phytogenic feed additive application depends on many factors including species composition of phytogenic, administration levels, application methods, overall diet composition, bird age and environmental factors (Patterson & Burkholder, 2003; Perić et al., 2010) . Although most of the studies carried out in this field have shown positive effects of phytoncide and phytogenic products on livestock performance, further research is needed to establish the optimal application of such additives including their optimal dosage level in the feed in order to obtain maximum effects.
O RCI D
Jian Ying Zhang https://orcid.org/0000-0002-6478-0523
